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i i ] mmzn ix ttmtimg v^mi <m 

tiGS2oattttJIM:. 5^(CK3M8tte^S*lfc2tt 
^MURAatfBttttRB . l)E2tfca&afflRA 

ijyfBSSSBIxflg A fc $$«8ttH| B flim^tt^ 2 
xlOM J/m3 ) JJLhTft 1 ), flofflffifiSMtKAJ: 

»«e«B<ottft«sje»*«Ewftrft & ; t 
ffiiiemi<7)^ett«ifnsm2^iStt«£7)St 

05$iKttfi A&tf 3$6&tt!g Bt, 15122 ftco&Kttli A 

Me^iattM a t ^uttii b mm* . 

Coioo-v-zFevN iz (at%) 

Yi?5 

Z=S20 

y+z^7o T**cifc*«ai:-r*«gui66aM® 

* t , friem i o^istti i ires 2 a&atttJi«>n£ 
mmt<wm&x'<—*mb. *^thxv»<>vy® 

osiaflWAat^iattiiBi:. ffE2ftaaatttRA 
iMrarattK a i: m&m b comsii . 

Coioo-v-z FeyN iz (at%) 
Y§5 

ZS2 0 

Y+ZS70 T'*>oT. ifieiUSt. Nb, Zr, T 
i. Hf, Ta, W, Mo, V, Cr, AlPt, P 
d, I r, Rh, Ru, Au, Ag£.tzliCu<7)o1?0) 

bt&wmimm^-yv. 

m b . mm 1 oansev t mem 2 emmskmtz 
mm&mmiiA^—ymb . tmhxvvwm 

mem 2 omam. ma . sv > icaaatttt* $ tut 2 ft 
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2 

OBttffli AatflNtttltB fc . file 2 ft?)$$saffi£A 
atfB*#«*&RS*«tt*S*Ri:s *><c>«j£3il, 

wssmmsRA t &«fflg b onusa , 

Coioo-v-zFeyN iz (at%) 
ZS20 

y+z^7o x-h->x. mimmz, nv 

10 *. ^^fyiftt. my^ymm. x+w 
matiz b z®Wib •fiwstastiaam*. » h . 

S*Ut2o<03liffiKAai^t«ffi||Bi:, fiiS20(7) 
3S«ttMAa^B »HlTCdHtt«KSiaftSrdl(2: . 

fnawB7 x u a^«co^fflg b izwmx'tm ixm 

iff 2«1 7i'J ®^J1 fc WE^Wttt^^— 1« b VStSi 
mtMbij^m^tih-^tkizMJL^titix^y^ 

fr-rmz^ tamvmtri & 0 izmfcztitzTimz 

^■f&Com*.X8£Ei&b. 

mi*&wfimz®mx'm%i-&nmmb. zmttzx 
x, 

me^mm a 1 5giattii b cois^iK^s^it^ii!* 5 2 

x 1 OM J/m3 ) J2L±T* 0 . S.OBfjie3SiSttK A t 

30 aattKBott«as«»*<iE<o<rc** i t m®b 
mmm&m a t asiattwtxati^r 4 M8ttn 

B . at>'H«IS^iKttli A fc 53>BHt H B SrRiST4Mi1-4 
/I'TTRt, IBIfiira«aN-4J:3t=»lR$*ifcT«!il* 

mte^m^mzmmx'mm^nmmb . mit:x 
v>x>v7m±izm^<wmm}>%m.^y h-c*o 

T, 

fISSKBHxR A fc B <nfflmSSM1i®%atifi 2 

x 1 03 ( J/m») ULht'* 1 ). flofiieSliattlKAt 
50 3fi«1t!SB<7)fiSWJKS®Bc*«]E<Offl-C*>5C: fc Sr^fSfc 
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mora 7*0 ®%.m<vmitm b £kbb-?r& l? 
mmm 7 * u mgji t mi Mttx^-^Ji t am 

r. 

luteal 7 x u ragio 2 ocosv ^R»«tair&-*-* 
He i < u f?ie*AK^*aoi^c7)?i^ 

Hc<H<Hei 

[ n$a 8 1 n*m 1 * ii 2 tzraaa&iifi&BMi 

iKy Ht»»ajL^-y Hi: LTffll\ KSU/-^PT 

mimmmvffi%m^ » p t ht s>ftfcesu*«a^ 

PSrS^ii^-y Ft LTfflt\ ffiaffii frlU ••/ Ft 

#*a*^-y Ft* l /jsmieii^t^tt$g^ss-ri» 

[OOOl] 

fS&$L (MR) F\ Z^y\ y PSrfflVvfcBft 

i&Hf&gB. xtw^7%»fc«^<«saKi: (m 

R) -fey^jcBWS. 
[0002] 

mm&tjL (mr) *y-t^ g^s^ffifit (gmr) 

00*5. xt°>';N*/P7-ty-'ra*|ffit!f 5 1 5 9 5 1 
3 *fl)lMft CM* $ tlX v * $ . 

[0003] xt'yj<)U7mwsmtn,*yyc7)*>gtm 

WHi. ffl£JI (P i nned 1 a y e r ) fc J:«fil|> 
3$lKttlfc. g*« (Fre e layer)iltfil 

&5$®tt«iitt«fc s ztxt> 2mizwmfmLx®£ti 
« (ep*>, §41, s&i. xmsmt^o 
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t W^^yy-fXIBarkhausen N 

o i s e ) tmixh^mmt<^^&.\,zmm-h 

-/H«fc JHtti* 2o^®ttttTl*£ftl>8t/jN2l§) 

[0004] ®5£Ui. IE«M«ft«K3Bi:#it*l*lt« 
BMfctfHfc ZtlX 0 ««S8#K» LX^mz^r ffim.it 
10 ^MEfcStffcu. g*158ft(i. ieil««5*^»ia 

HMt0ttr*afc3M:*£ t&£ fc lei OBBRJKfiBWk* 
-offi^ft£fi^fcLTW£Ti>o#xey 

[0005] jam&nwimiiisKwmtmtfm^h 
ti, ssmmmtLxa. -ty^mfrnmrnx-m 

*2SUS£BJMH-#*S ^ fc *^tj> 

-y^r/P (NiO) . #r-?y#>&& (FeMn) . 
20 ~-y / nv-~ivify^& ( n i m n ) HWbhifi. K 

s (7n-y^y^jag) 36*astiE^ao»f^)-fev 

•y y#y&&i$.ffl£^ftm+ttmmzmi 
ht>K i<o«itt*#*fc«>fc:. sift2 4 0KJ2Uioasa 
^Jw^rRwawfi^B-c* o . z vmmuz i 4* 

[0006] i(?5j:d=flrl!*flDT. *BS^HF5 58 3 7 
30 5 2#^M»tC3j%S*i4J:dfc:, HjglfcLT, Ru<0 

(WT. a«7x'JS«itfci^) SrfflV^, ±Mff)Wtft 
- -y ^)X«MS^««rfflSBi(cR»S*«rv^ r 

HJfcWtciJ^T. 2o<03Suattt«!fcUTCoS-fflv\ -f 

fc*<W&$tLTV^ 0 

[0 00 7] Cr*T*fc»>, 3$»ttMt LX 
CoJfflU, R»«ttH^lifcLTRut«fflLfcflll 
40 7x'JHSflxb-yy^7^|^W>->-^ it 
7T7vAY 7<V9X rffUx-A83C0pp37 
2 0-3 7 2 3fc«£$iVO*&. 

[0008] 

#4>«Wt(cJ:*fc#*<oai«ttCo«|«:fflv^«^. 

«*«stffl fc SKintq t«ft»«^iai *rsb L . iKft^ 
mfcthffitmL^zttfftfr-otz. *ff)mMi. co 

ttfctf^-uiovifc. &r/coK<ottwa£j@R^i 

50 l^fiT'^rv^C, iS^?f1x^m(cJ;l»JK^S*tt* 1 
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[00 0 9] ttz. CrJTWU, SfiffittRi: IX 

:#;i£>ftl>. lilli. C rT«LhWCo*thc pffiJtt 
yr^ttf £>o< ferttffiiiirttBffi* 1 * t . *rft£>58 

[0010] «B|^S«li. XJfc&^Jf <D&U«Jl7 

m-btrnzm-tzztx-bz. 

[00 11] 

[0 0 1 2 3 »#t»UTJt«WjeSL^^l<03fi« 
ttJli. «#t»LTtt«ttJCSLJiv«2(^)5iattJi 

t . fries* i o&sgtti fc frtem 2 oaBttflaiat* 

tl^ < flBWSfiOMIS^ -y HtfcV^T. tut eSS 2 
&l^S*ttffi£B t . 1W2&a&ttttjRA&tf B 
t5S!KttMBOpgHim^tt^t*52 xlOMJ/ 

m 3 > vxkx'fo o , aofiie^fattiiAt^attMBco 

[00 13] ifc. afffcWLTttlSWesUl^ff 1 

sawi i . tiff em i emmtm t mm 2 <mm.mr> 

iatsWtt<^B8tt^— tit. i^irhx^y^iv 

7%mz^<&!mmm.^vY\,zii^x, mm 

tt»Aat^l«ttitBi:. WE2fc<0!l«fflRARtfB 

ttJKAi&BtttlBtBCDifflJ&i, 
Coioo-Y-zFeyN iz (at%) 

Z^2 0 

y+z^7o x&zzkmmttimmMhm 

[00 14] 
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[0015] rusft^JB 1 j *&BH(i s J*35S&#£8tiiJ 
1^to6t£<&fflT-§^io-CJ>l># -fey 

ix) . tiffiim&tm 0 m h^x^^tz^xm. 
ffltoimm#±<r)®.m.v)m\ ttxtmztihztt 

b7-y^t^oTES$fx. F^y^OfltefcfcLTfi. 

[0016] ft^W&tfWifc J: UTR 0 ttj LHHW- 
WfcHltii?*. iaffltHMIKi. 

K. . fcL<tt£iifcffi3*>fc<ofc*3ia 

1 1 L<l±«tSt?M i-x£ 4,oA7JHM 

ti^i^A#§Sg^$^t Jn*. . -o t L < (ifflRo 

LT«i. tmmbJyf-yx-x&iYixmmth. 

[0017] ( 1 ) IHff£*5 : ff«ft^S:#$a^ 

30 «0t-^OAJ1J^S6 Srittf . 

[0018] ( 2 ) ^-y KfiB*Jffliai9 : ^-y HffiaM 
fflffi-^Srtfl^L, ^>y P{l»ttUJfi^*A*t 

[0019] ( 3 ) t-^-wwa 1 0 : wtmfa^ 
•y h t Jtt ffittw&sttt rat i> , aus. f?it, m& 

m.^h^-9\ it. mmmm^z&jji-z. & 

40 "tl. h 7 yxfi-t-li 1 3 1 *>-t*>tS 

t s SSsgr-Ai Abmxaiiv^—? (vcm) l 

[0020] ±ie^)«t 5 1, 01 fc*LfcT-^K^I 
B»i, h<tX'i>ft%WKci>cr>X'hZ>. muz^Ltzm 
W.cr>m.m±UWX-fo hfzib. Z.Z. -e-fcOpifBtoi, v-cti 
RBBt5r^. (aitfOlS^ttSL'S'y H8W»jR 

t#®£3rri>k<7)T-*i)S. 02t^JtiL^-y K8<7) 

50 ©HWW. ZW^oTffl*Wjt»<^t±iL^-y H 
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8 t*t lt . m mmmfcosmm 1 4 £#t4 

ZtiTpLX^h. VCMl 5t±ffl«Wta»ajL^-y 

T»<-*. E8E<7)r-7-y?<4. a«. 
fc»«UfcZ*ifc«HT»<. BJteftl 3tt. Z|fcfrr&| 

vcm 1 5#z*fciB-5Tffi*!Wfc:»< iktcioT. 
[0021] tS^v H 7 fcKAffi L^-y H8{±« 

4^<oa^»4@*§fi'o*o:u. naig-oL * 

SfeK*<0Jtfcl«»aJU-b>iM8*jRft 

s*. »*ajL«awjjffl«ii9^ii»ajL 

«SUl7Jffl«S2 0$r-?-<7)±{C«l«$^, — ftk LXW. 

[00 2 2] 8^tt. ±«^-;UK**V44T»3T2 

o¥t. 3-f/P2 2*«MS*. -c?)±{e±g& 
SS^3 72 4 £#fl£t4. 0U<4\ Trt/ 

2 3 2-, -feyfll SkTSRv— ;l/Hl 7VMBXf 
•b >"9* 1 8 k IM's-tU VVWHzffltt-t Zbtf. £ 

tf3 2#i2H§*i4. 

[0 0 23] XCl6ii. t747?^ifclH:5S7 

4. ±«B»tn f aw»>'-/n t 2 lam 7i:i±, a- 

£14. «C»tt»^ttttiA^oaittttff4E|«»ffio4^ 

[0024] *%ffiBS£TtMi LfcH 2 Lfcflfift 
J4, -«»(c % a»^t^i:5roTt}0, *%8afttt 

[ 0 0 2 5 ] 08 *Sra«5SifiBBfc«4IB*ai L 

xim-tz>t\ ms<nmAiimLxmmtit. xt 

814, tt#fcttLTlt*WWG5LS^SIl 
<9&EKttJl (WT. SEbltlVZ/, H£tfCoBU4S 
^t-va>f|R4 5t«S1-4) fc. «*fc**LTJttt 
WiSSL«v^2«3Sa«t» (&.T. ffljglifcnft^ ft 

S7x'jHg)i5otffis-t4) k, ztm>0mzmt 
fe^mffc^— f-m (mm. cuiB4 3fcffl^-f 

4) £*-M>. 
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[0026] *mmmxu. mzm soiz. 2 
mm mm. mumA5 2. mmmB5 4&a 

3^4 ) b Ztit>crm®fflg ( 5 2 k 5 4 ) (OSIZEM 
Wm&£® (Mm. RuK5 3fcffiii-$-4) fcfcfflo 

fcM7i usfflsei 5 o*>\ a&ieg§ga(cfflvi4*: 

^xtyyNWMS^aiL^y Ft LT«iW4«* 

1 0 0 2 7 1 «« 7 1 y miisji 5 0 <m^m^mz 
a. c\ti*mm-h 2^<rmm/m<r>m-n'&m-mM 
10 ?z.mmmmwj:m**>htzMz.nM73. 

•J SHE! 5 0O2o^»«ttlBoiBJSS*-HMIi!I«BI 
li&WI&ofil ( 0 . 5 nm ) k Ltexvyj^ym <3£ 

KttJ&A (4. 0nm)/Ru(0. 6nra) /SMfflt 
KB (3. 5nm) /Cu/g&Jl (7. Onm) I W 

mmximitz. 

[ 0 0 2 8 3 #3iaMtKtt-e*i*h.-?FllWE 
(coherent rot at i on) 1"|>i;L, | 

20 /^y-fe y^r^mm^b ix . -ea-f n i.oo 

(T), 1. 71 (T), 1. 71 (T) k Ltz. 

[ 0 0 2 9 ] t fc . X tf y/^T'-fe y^oft^W^tt 
k LT, SAff^A^rttttff £4 0 0 (A/m) . 
1^Afc»a«MlBffl^3attS^x*;WfS: J., = - 

1. 1 2xl0- 8 J/mM33iHl-&affHe«*Tl 9 2 
kA/m) . SAlkttaHtRBlBl^^iMS^x^;^ 
SrJint = 7. 2xl0" 6 J/m ! (l^te-g-iS^Hint 
= 1040 (A/m) fcLt, *fc. #?SiStt)l(4-o 
O^ltiJ (ieil«*^t«lffikil3c^4*(«il) t^tt£* 
30 -T4-ttiaM^*tt£ft€t-4kU^ ZZX'S&miZ 
^-vn-ft. 2o«03iaiffiRft:ttC oMW^asg 

[0030] !t»L£18SU£ftlBl&l4. K^^ll^l^ 
»«Ht:9ljBLfc*&^. iS^iK^4. 8 kA/m (ft 

wnmiZtifcmffl&m^nmRn-tyy-mi 8±x- 

<VP^3»Sft:BMBS-f4tt) c0v-f^-;u-7-k, ft 

*«t#8 o k A/m (m&msixtzmimfrbff) 
w.#<7)-tyym 8<?>mmfowx'<n&xmztmm 

4tt) «0>y>-/U-TT'*>4. 
40 [003 1 ] 03£tt3Wgm2T^\ @3cOHk{4^K 

tt!RAX(4B<o-e-it-f twmm&n*.* zx-s>?>. 

03^3ga^S*ttffi#2. 4KA/m*>'fMtSI 

V4i—>U-T4. 8KA/m{4, «SWK«s*>^a# 
^?£-a#-f4t>OT-*>0. -*x-Y-/l~ 7-8 OKA 

/mt4, CT^.jfieii^*^coia#<o-b yvm is<o« 
«^(SiffiT'<7)ft^(i£ ti-i^-4 1 <n>xh h . 

[0032] 3i?lffiiA&^Bco#^!lill^S*tta:^H 
k#8 0 0 (A/m) -CaboTiilSIIS^KffHint 1 0 4 

50 0 4 -e-f /i/-ri;:SMfc<4ji&ivf , 
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[oo 3 3 j m&mAmB<?>mk<r>mm.m* 

#1. 6 (kA/m) T*->T«BBS^«»Hi.t 1 0 
4 0 (A/m) i>3^#V^, )V-T\,Z%®. 

WMWtefcTtJ'), 8&/h»#£fcait&-fe^ (Mi 
flg-fS. p<^>-;U-7T'(i^3 2 (kA/m) 

ftifit'jwft^aaiB^t^tTfio, z<wmmRxm 

KTML -b>^»±aHl7«*4 0 (kA/m)8*tf> 
KWte&WT', 3 2k A/m£7)^T'll^)iiK-fb* { 

[0034] 5fi»ttRAat^B<?>«4li^*ttS8»Hk 
#2. 4 (kA/m) (ajE^-6P*tt®k2xl 0 3 
( J/m3) (Cffl3-rS«#) V-f-J— 



(6) ^2000-1 1 34 18 

1 0 

* feft41M7x 'JffiJgWWMiaSMU 8 ( kA/m ) 

[00351$ f>C, 5l«ttBlAaVB^#aoji*-tt 
8&#Hk#8 (kA/m) fc**V^H*. V^-t-ZP- 

rtttaifcfcSWb&^t. fro. ^f-/kn:ii8 

*vf. «Jl7x>Jli£JNKfcU, 8 0 (kA/m) 

[0036] jy±<o8Jiwi. 7 x 'j wgrnomsim 

[0037] 



Msf Hint tf<Ms! Hkl tl+Ms2Hk2t2 (1) 

ZZX\ Msf. Msi. Msztettlftl. iAJ|, %K * [0038] ifc. HRfcU, Ml7x >JQ£V;ft<£tt 

ffiiA. ^ixdB^iafn^LT'j) 1 }, Him. Hku 20 j8^^^«flKWLT£5rc**fctt&<oi«*£ 

Hk2(i^m@*ii. 5Sffitt«A. ftmsmBcomk m^-rimmi. 

nRUvmBtvh o . tf. ti. t!«<e*i-efu g* [0 039] 
i . awtis a . 3$Kttn b owmxb * . * 

40 (kA/m) < (MsiHkiti+Ms2Hk 2 t2)/| Msi ti-M S 2 1 2 I 

(2) 



[00403 mmmMmmfimiRimhmmt 

KMagnetoe last ic Effect)* 5 

i&<otttnra>u\ ^ntmn^ttu. i£B» 

iS. S^tc. fit«M£ttJi(i. ffittttCJn*>6JI;frW 
fltfj fc ^^ttftttSgfttz J: o X ft * 0 . -«itt<0 

[004 1 ] 4ryiMW4IRiifrtT5yrA*ffitl<0<^ 40 

h.tzx-. *mtmmx'ii. mmwm%wm&<o& 
m&mijftzx'ZitsphZKL. mmmM.mn&t 

[0042] 7*5*— f*;"-*-^ KO*«±(C 

b mtth 2ocom&<&w.xvk&ixhM.%*?* ^7*** 

U WH**-y7*rtfc. ttBttRA (2~5nm)/R*50 



*u (0. 6nm)/iIffliB (2~5nm)/Cu/ 
iAfl ( 1-1 Onm) a^&I.JMmtyA^T'-fc: 
y-tSr^. ®§vv—/VF±fcief§'\>y KxMyhJ 

ie#$ft*t*tffifc SBttrfoWi o5S Qn^tmntsMfi 
tohh. ®%mmitmmMftmmbm$ii-&m 
£tjmfi®3£zti&*zx'i>hfrt>. mt&mvmm 
m5muiuz-t'<.zx'$>&. 
[0043] fe B 8 jK»^tt^/h$ < t-*fc«xc. mm 

t J: ot. ^Oflfig^iBitASA (fee) flBSifctt 
*<C'i** (bee) mtki-i . » B B B «jtS-S'i:^ 

JHKSW^rtt^^Sv^feT** . ^ft-f htz#><r>jz 

mbTmi£o^x(omm)%imtimt&. 
[0044] ttz. mmm$mij&<7)®m&. cocf 

mm,mu&t:±$<zbiz£<omm'Zh. co« 
x^mmmm-$>bmmmm&&±$ <?hz 

fc{4T'#1*. CoCFe, NiSrjDiSifctCioTBi 
«8^S*1x^7C§ < -ri. - b h . 

[ o o 4 5 ] it. m%®m}%nmwimw.&®<?>£ 

&mi<7fflffl. !P*>CotCFe, N imZMl&ZblZ 

k^mLx-zh. 

[0046] *mmm2 j ai7i DS^Ji^isit 
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1 1 

HfcO^T. #5AlR/CoX/RuO. 6/Co 
(X-0. 5)/Cu2. 3/Co 1/N i Fe 5/T 
a3(nm) (fj#) , &tf#7X»$/T a 5/C o 
X/RuO. 6/Co (X-0. 5)/Cu2. 3/C 
ol/NiFe5/Ta3(nm) (&#) ffi® 
X£3, 4, 5, 7 1 LT, ^*-8«llO«*fmU 

[004 7 J H4<0 (C) fc (D) (ctt, &SUKfiiflt8 
O^Sr^-f. c:<if>{i. x=4«0%&<0h?# (TifilS) 10 

(TaTffi) nmfommsjimx'tyi. m 
ERwmifmmzmiLtMt n titfat u:. 

[0048] (C) (D) OAtMi. -tf nBWftifit* 
■*fcl/ta*K*v>. Co|£JlX£3, 5, 7i:U: 

«^t>R*t. aa L^wsmm.mmt>tii'. m 
c oiwai7i ys^vosiaittRfc i-tffl^soa* 

20 

[ 0 0 4 9 3 a^i88B$lft2rtx£ , 

e&&b ItlZVyWm (#7XS«/CoX/R 
uO. 6/Co (X-0. 5)/Cu2. 3/Col/ 
N i Fe 5/Ta3nm (X=3, 4. 5, 7) „ Rlf 
#7XH/Ta5/CoX/RuO. 6/Co (X- 
0. 5)/Cu2. 3/Co 1/N i Fe 5/Ta3n 
mI(X=3, 4. 5, 7) fcf&ftU fl&UKtiLlllitft* 

[0 0 5 0] t<Z>tt%ffl£Bl4«) (A) t (B) fc^ 

•t. mmmt ( a ) #>\ #7x»k/t a 5/c o f e 

4/RuO. 6/CoFe3. 5/Cu2. 3/C o 1 
/N i Fe 5. 0/Ta3 ( nm) T&O. ( B ) fr\ 
#5XS^/CoFe4/Ru0. 6/CoFe3. 5 
/Cu2. 3/Col/NiFe5. 0/Ta3nmT' 
ZZX'C oFemcmf8.lt. Fel0at%t'JS 

TMi UMttgfciS-t. X=3, 5, 7<7DCoFeJBiJI 

■caau*. 

[005 1 ] H5 (C(iC oRlfF e 1 4 a t »C 

o f e <mti^mifo<mwi<mmmf&&7iet 

*\ CotliSB^l. 6 (kA/ra) X'b&tf. 
CoFeTliQmi)lt4frt>4. 8 (kA/m) 

t c <3»$rtt«a*>£fl3i . F e tmtitt h £ 1 1 J: 
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1 2 

mSL±y*tlXC0Wtl^&M£5-lX^&. -IC 
T'ti 1 4 a t % F e |flj£(7)0l]£^ L£*\ Fe»3 
fcfc«l J Hm8^#tMttfll* IX o - F e 5 0 
wt%imX'&*&th. 

[00 5 2] Ut#oT, Fe««§:$^(Ctg^-(7){i 

[0053] P7i y fflg*£*f-4xtf v-a/i^* 

a. oyoffljs*»£-ra«o#a£ t ^ t 
fc. 

[0054] 

Coioo-v-zFevN iz (at%) (3) 
Y^5 (4) 
Z^20 (5) 
Y+ZS70 (6) 
ttC. Ztlt?cr>££lZP t , Pd, I r , Rh, Ru, 
Au, Ag, CuC0dibCr,-mttili^iia±mMt 

. sawjo***, * £ . mm 7 x 'j mzmoftm. 

*BJWItfttfcJ:a»*1ijaK* 2 x 1 03 ( J/ m 3 ) 
UltT$>>?, IHtoBffija(*jEi:«r-j-n*i. 
[00 5 5] r0S*fcflHB3j««7x',lil£«£fflVtf: 
x e w ^7* yiritoii^^gfflHxRtf) 3 *» c u ic 

v\ ±it^) ( 3 ) - ( 6 ) *W^tttUMiJtiKffl«< 
150. 3^fimt/h§<. 5"¥>-h«aD&yc*^. «s 
^4>i^4^1Bawrt-C5l8fflHAtJfth.6«iiS («^ 

[00 56] 5$«ttffiA (4nm)/Ru (0. 6n 
m) /3$fi&ttS?B (3. 5nm)/Cu (2. 3nm) 
/NiFe ( 7 nm) &6flij£]gT\ 
l>. ^JSttffiB (3. 5nm) /Cu/Ni Fe (7n 

tt*yiW)aajWtfif!r*. ( 3 ) ~ ( 6 ) iCffi^cofS 

0. 7fc^&„ id-e»flHxiRA(OttfifiiSr0!itf3/i 

O&Ditft 3 0 %JH*f S . 3$8BttJ8? A<7)itfii5t* ? 2 
Qmt&oTitfofdtliO. 8 5K*0. *>^aj»Ul 
i^2 0%Ji7<-rS. 
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1 3 

too57] 7 x D ®%m<mmm<?)imsjLt:m 

Kfhlii&k LTIi. sU 3 > ~ < 6 ) T-ftJgSill.^ 
fCNb, Zr, Ti, Hf, Ta. W, Mo. V, C 

[00 58] 8W7xUG9Jtfl<OSftBttlkOJt& 
a*S6K*M*t4*ifet LT(i» * ( 3 ) ~ ( 6 ) X'M 

AS*. *>9AWUk. *9VWm. ^y-V&m. 

ft). : &'J7'iryl?tt, ^'-ty^AKttcod *>co-« 

0 m o 1 %gJK<7>^DT*Jtffifii;£ 2 (;uQm) WS.3.X' 
[0059] r|yfe^B4 j tf^itr^S-MUfclS 

&mmuz. zcommi. (A)is/Ta5/co 

FeX/RuO. 6/CoFe (X-0. 5)/Cu 
2. 3/Col. 0/N i Fe 5/Ta3 ( nm) . 
(B)iS/CoFeX/RuO. 6/CoFe (X- 
0. 5)/Cu2. 3/Col/NiFe5/Ta3 
(nm) -C$,0. C o F e <0BWSr3Eft;$-frfe. 
[00 60] iit*. CoFelWFeWiFe 14 

atxT. mtcoxhh. mm?)ftmiRFv7*h 
£i££&&ffl£jittfl: t m&ftoueuumi ixm 

[ 0 0 6 1 ] 136 1. fi8^EPM*^Xh°yA>7^£7)SJ 

MaocftiiV'f -r-iv-r {wzmRb o oe)^ 

*S»T*6. TaTfcfcSTtSXtyAA^mJL X = 
3 nmT3 2 0 k A/mcD^fcMDLTiXtryArt/ 
7*«0KSlfifitttS!-fbL^V^. 3 6 0k A/mc7)«ft^ 

[0062] £OffifiBWfctf)*Mi. IfcttftEMDft&ffl 
£B#^EBE (multipledomains) ffijt 

tzmtht&x'hz . -fe^ihWR«3&5»tsawMi. 

XWnra, 5nm. 7 nm fc 2 4 0 k A 

/m, 200kA/m, 1 3 6 k A/mfcS^LT^ 

[0063] 07 immmcom&mA t mmmv 

tt£*-f#, X=3nmtliH e , = 336kA/m, X 
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1 4 

= 4nm-CJiHe, = 2 3 2kA/m, X=5nmt')±H 
« = 160kA/m, X=7 nmT12H e «= 1 2 8kA 

^uttHAt^iittiiB^iaw 
&zuz*$<?&*mtixii. Rummzmmit 

(0. 4-0. 5nm)«Mi. SUSffllA. B£ 

10 »<ts^s* 5 $>s. 

[0064] T aTttOfcVMIBeJIfc i*/I»TfflSta 
( B ) B6A>fe**»i «t -5 t. 
StUfc'SWSaWKi. X=4nmYttH e « = 2 80kA 
/m. X=5nmTt£He l = 2 24kA/m. X=7n 
mtliHei = 1 6 0 k A/mX'fo 9 , T aTift*<£>£*§ 

&<v&%tmtimm±x'itKz>t. Tarmm^m 

fco-O**. £*Ui. 07#>£>#A>|> J: 3 
t . T aTifiSftftfirV^O^T aT*#* & *£fcifc 

[0065] 08tteM2 U^yWm&ZtFt. * 

£168114 l±tT«MITa«(4 2 Z<7)® 
fcLTttfl&fc. Ti . Hf, Zr, W, V, Nb. R 
u, Os, I r«4fcliiiife<7)rt2atU:<O^IRS' 

30 sm#tt£:*& < m#i> *) . mmy * u 

[0066] ,I<0_tt . 3£i£&ttj£Ai: LTSSffX ( n 
m) <OFe«*14at%«OCoFe)R5 22:^-r 
4. 0J*Wfctt. y#l*Jt. -^(618*2: (MO 5 6 LSI 
iW*tt«r8HW* . Z<7)mcr>ti®k UCoFe^ft 

ifcfcBWl (nm)lilTiORu^ 

5 3S:^-fl>. 

[00 6 7] at. SMMfcKBfcl/C. ISWY (nm) 
40 CDFeft^l 0at%(0CoFe|g54JfStS. ^ 
5 2$r»(«-ri»i:^i:Pl». y*l*]t-*|6] 
B»«rfflftl5 7'**. i»l»)ttflfcLtCoFe*)ft 
i>0lc r HSI^®2j ~ rHBtBBJB3 j "Cie^feWH* 
fflV^Cltt-C^S. 3IKtt^A5 2fcRuli5 3k5S 
ttttRB 5 4 fc T«S:7 x UffiJgJi 5 0 
[00 68] at. ffii:2. 0-3. 5nm£OCu]g?4 
3*»ftt4. ^cOjgtOff^ttTCuOftfcOtAu 

[006 9] at. &JS2. 0nmOTOCoH4 4Sr 
50 Cl^KcOtt^t tTCoOfti>0tCoFe 
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1 5 

*CoFeN i£*K£fflV>*£fck?&4. ifcfc, R 
SlOnmOT^A-Yn^ (FeMlO-30at 

%<7)N i Fe^i m5*wm-h. &t, mmsn 

mOT^T a & § ^-v -y 7°1 4 6 £ flM-fS . 
[0070] 4f "V y7-S4 6 t LtttTatBWtfl, 
IflitfRu. Pd. Pt. Au, Ag. Cu, Ir, R 

2, 52, 53. 54, 43, 44, 4 5M4 6K 

0.61 £»jRU f <7)±tC oa^A®5^6 2 , 
6 3*fMW4. * 

Hc<H<Hei 

Vt^X , He.te&A&SO&l&fttJt^T+fl-;*^ < IS 

frt% <m&h h . ffi.m*.j>,wfimcD&w.j) t lx u s 

OkA/m~l 60kA/ni)!)>ll^ni.W. H«k 
LTIi2 0 0kA/mJ£UJfofcSkifir4. iflSSUE-f 
*ttt, TaTt6=SrLoxh->-A>7'-fey^S-fflv>|, 
3$18ttRA<7)RJlX£5. 5nmOTK. Ta 

ORJIXS-4. 5nmOTfct4«fi«*<fti. 
[00 74] ttBttKAfcttftttRB£|8|t$m 
*fflV^6«&. 3§il8«BcDRIIYte&«ttRAc>)RJI 
XiO 1 nm&T*>H*S'e»<-r4tf>aiLv>. Zil 

immarnA x *)mm.mn-abm< %h t , sssBtt 
r b ajOtattjut&aHgit b oawboawx*/^- 

ti&tz#>x'bh. 

[0075] r g JBBS 5 j II 9 (cliJMo-fe ytf ofiftfc 

Lxn&ix^i. ^mmmx-n. m^->uvm^ 

Bf&ZtltzTjUZ i-m 1 JitTtfiRT aR7 2 
^4. -TORk LTJifl&t. Ti, Hf . Zr, W, 
V, Nb, Ru. Os, I rjH4fctti<tfe<0rt2«a 
±*>&6M*JflV>4£fct>r*4. ZOtiC RfflO 
nmWTOA'-VD'f (Feffiffcl 0~3 0at%cON 
iFe^) B7 5*»jfc*4. 
[00 7 6] ifct, BW2nmJSlT<0ColH7 4*»« 
-f4. -TORcDttftk LTCoCOfWtCoFe^C 
oFeN i^RSrfliV^ifct-CSS. KC, Rff 
2. 0-3. 5nmCDCuR7 3£Jg|£-f4. £«0lfe> 

*&. at. 3$!KttRAi;LTRJfX (nm) ?)Feffi 
«14at%«0CoFeR8 2$r^)S:-r4. Jgj£l$t 

4 . ; *)R«fflB kUCoFe c7)ft;b 0 1 r £jfc«JB 

2 j k i"Hit»«3j ■Cj*^!t*m^JB^6Ctt>-C* 

4, * 



(9) #112 0 0 0-1 1 34 18 

1 6 

* [007 1 ] §£>t. *«±fcxeyAjl^TRt«85£ 
iIt4£tf>0««iR6 4, 6 5^M«. vl^?. * 
AGBERk L"C(i. CoCrPt, CoPt jfcttiC o 
CrTa&fc'tffflV^fU.. Co-ZrOzWi 
ot, TJftRj^<Tfc4^fc«Htfj£4;l**£, C 
rT««Sr*»-r*ifc«>"CSft. *Aff5Rli. -fey 

ycr&s&mz. 4 5(nmumzm^maixmm 

[007 2] ZZX\ WB7i'JHffi«5 0»Rit«tt 
10 I*JSS£S8#£ H„ fc L . *A«5Raft«ft » He i: 

[0073] 

(5) 

* [0077] fttRHl (nm) jaTtf>RuR83*# 
Jft-TS. at, RHY (nm) OFefflJftl 4at%(7) 
CoFe«8 4*»*t4. £<0fcSfc. 8 2 

*>WBfcLTCoFe<?3ftt>9K r$Mffl0||2j k r H 

20 teen 3 j rat^fcimtfflv^ <r k t-c* 4. at. 

RJV 5 n m tlTOT a #>£&4* A' •/ TM 7 6 £ Jgjfcf 
4. ^f+vTJ14:LTttTaJJW<0tm. tfUtfRu, 
Pd. Pt, Au, Ag, Cu, I r, Rh££(i. Z 

ti^<no%<r>2W\t<ry&&Zm\^zthX'%h. 

[00783 ztit><?>mim-m£tpx\ mniRF-? 

7*hv>Z^v?V>7mz£')tt1&.tZ>. Ztll>7 
2, 82, 83, 84, 73, 74. 7 5&tf7 6*»t 

0, 9 1fc#|£U *<3±CCo3S<ttltfJffiR9 2. 
30 9 3£f&S-r*. 

[0079] S&t. -e<0±t^tyA^7-Kt«ffi^ 

A^SIKkLTti. CoCrPt^CoPtKoCr 
Ta&fc'/WBV^flS. Co-ZrO 2 c0J:d 
t. T«H8A 5 =5:<-Ci,+^mai^S:-§-x4^, Cr 

Ti&mzgB&t h z t h. tit. mmm* t m 
-rs^s* 4 **. zcomtfcj&mz&^xij. mm 

BB4 k [5l«. SftttttRAkflSttitB tm t«S*ffl 

Avmmxx o i nmOT^Rjf^-c5i<-r4<7)M4 1 

[0080] J3Lh, *JKHKo^T . «^tf0HJ|^©$- 

[0081] xtyA>yty«l^7 HT14. SIS 

fcftt. i«l^tjBEf*c*ftttiSiim*(6|ta#E|JSnLT, 
50 SSHttR^JS^lttSriSS-ri.. S^tt^KucOT; 
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£§«±2xi 03 ( j/m») LXht-rs. *ut, 

6BKMv&<-*-*. 

[0082] S£ B B B 8mil;frtt£'h£ < L . i^asyi* 
ttfcJ: *H*ttje»t 2 x 10MJ/m') Ja±t(W» 

4. hp*>, »:offl«2r«BEi ixmmtm. wm<n» 

[0 083] Coioo-Y-zFevN iz (at%) 

Z=S20 
Y-f Z^70 

ttz. x\zy*)\,ym<r>mmmRZ i o (&fls*ti6i 

«{Wtf*Mm#|tl<ciB&*- 4 . $ timttBi 

fKlfiS^S^rttfia^fiP**, 2Ku/Ms«D2~4te«<aS 

2o<oa«ttiloifet:«Blt*l»S:. ttT««-r 
4BIWKJIJ; 9&4S«l¥<-f 4. 

[0 0 84] ttz. *y?<osH:fc mx-t&u 

CoNiFe^W:, Nb, Zr, Ti, Hf, T 
a,W, Mo, V, Cr. AiPt, Pd, Ir, R 

h, Ru, Au. Ag£MiC\iff)o*>cr)-m£tHiZ 

[0085] ±VV&K*W.zW&hWymt IX 
it. ±KOCoN iFe^MSK. T/PS-^AlWfc 
ft. i^n^ABKHiL 9>9>Vmm. +?>Mit 

im?>ffl}\lli 1 0 m o 1 %ffl&fflKfcltiffii 2 ( // 

±a*T*i=4. 

[ 0 0 8 6 ] £ tz . S glattKMOT 4 fcftfcX f y 
^/U^iKOWBt:*^^ 7* £tf4-f 4 *AB£lt£K 

[0087] z<v®%m&a<?)$>w%.iti$m&ti#>iz 

it. ««7x'JBJglO2o<05^KR5iaEttlS*1-* 
J: "3-Hh*:S < U *A«5«5t&cDl!<DRfia#£l&< 
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1 8 

Hc<H<Hei 

bt&VtfmtlW Zcotztblzlt. He,£T'#4£'tt 
BHSttltA, B<7)MiISrS<-fl»<7) 
AfB2U\ *JKJ]0>flUE£gl>vC(i. 5. 5nmOT 

[0 088]BBHy*08fWflJS£. 
Coioo-y-zFeyN iz (at%) 

Z^20 
10 Y + ZS70 

JSBWW>«*^)|6lSfcP*1tjaftt LT 2x1 0 3 (J 
/m3) ta<0R»a«»*ttSrft4L. ttWOSJSR 

[0089] il7i 'J ffl^JBW ~0<?D5SaEttRfl5P«i . 

CoNiFe^MEC Nb, Zr, Ti. Hf, T 
20 a.W. Mo.V. Cr.Al.Pt, Pd. Ir.R 
h, Ru, Au, Ag^!t(±Cu<7)pt)C7)— m&tdtZ 

im±.vmm<v7tm£maix% t>ti&mmmmk+ 

<0*S(C*t't* Jt*«vhS < ^4 fc*>T* 4 . 
[0090] ±!SOCoN i Fe^Mt, 7^5- 

v*j m.\m<r> o h<r>-nt tat wxtamaomk 

*£*$<^4£*yc$>4. 

[0 09 1] 8W7x Uffl©i<a20<0£^fcR3*«tt 
iS^jHc J: < j|cA«e«)*ttOlROttff 

He <C H <CHex 

40 [ o o 9 2 ] * *: , fazftm h wmsmw- § Sr » f* 

tfl!|W4»«ttilJ: 0 . mm Knm) jaTCff< 
tS. -ixlcJ:0a»7x'Jll««^ia-ft«i;. mm*) 
mm^Umz^btt: O , F ■ e M n^N i O^rt'c^ 
SaSBHKUMS^a*** < T t> . 4 0 k K/m&±m 

%mmznLxi>m.X'hh, 

[0093] 

l»»^»«] *»Wt=J:*itf. ««7xUaHJgl^ 
50 fcfeSS««#*a4U^Ift|KW!llrt-6ii:-C. -fe> 
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19 20 

%mm%.fki>w& L^iE^mizmmt^. flnUdaif^ssss-TSU cof e%mm&<?>®m£% 

[0094] ztuzx <o . nwa»!#ttJ:aMHBifr ifcafto^Ko^Tii^isiissrra-c* o . t 

Uffl^BtLra* U*#»KSBfi-f6. [H7] MWX (nm) <7)C o F e^ttHtUJI ( X 

[0095] ZtllzXiX. Q£1(C> FeMnWi -0. 5) ( n m) o F e3SKttJ8£ffi?Jp0 . 6 

0«rif^R»BMt»3fflttS^«*lrL'Srir«O^tW'« ( nm ) toRuWKWii&ll&toftMyx U ffljgltf>3* 

^y-by-tSr, $i|ffl)tt^<ff)t-ri»;t* J T'$l». }^£ffi#H e ,^^Xfc#14£^0T-£>rL TaT 

[0 0 9 6] ifc. «JB7x'JH®Bo5Saetti!UcjR8o 10 ««* ? J)l.^i:ilv^^*$r^-rilT'J)l». 

7i%z&m\iz.nt:ttmm->hzkx\ tyvwtt imsi mmy ^m^m^m^tz^y^vy^y^ 

[0w«®#=5rSiBj] [09 ] nmy^vm^mim^tzx^y/^uy-tyf 



[02 ] *ffl^z\zytt)V7*y-*zm\\t$i5&m 


1 6 




17, 


21 sam 


m^mmmm.^ ? v mx$> h . 








[03 ] m^m^tixfy^ymcom. 


18 




19, 


20 MM 




22 




23 






y 










24 




3 1 , 


3 2 *A 


[ 0 4 ] ffil y x 'J Hei«)!MMtWC 1 4 a t % F e 












4 1 




4 2 


T« 


eyA^iKMJMwa&iwts^aT* o . ( a > a 


43 




44 


Col 


TaT«£*u c o f e *mmj&izmvz&&<7> 


45 




46 




®Smtjm$MX'f> *) . ( B ) liT aT*fcli& LT\ C 


50 


S«7x'JH^« 


52 


3£BHxJBI 


o f e zmmw&izmutzii^comsmmmmx'h 


53 




54 




<0 . ( C ) tiT a TiffiUS* LT. C o ^ilttiCfflU 


56. 


5 7 


60, 


6 1 Tifi 


fc*£<O«afitKttiS0-e* 0 » ( D ) fiT aTtftMJ- 


m 








coi9iattRt:fflv^«^)as«asiai»aT 30 


62, 


6 3 MM 


64, 


65 ti 


*>!». 


7 1 


mm 


72 


TM 


[05] CoJg&lXl 4at%FeH^CoFeI 


73 




74 


Col 




75 


J*— ~?u4 gg 


76 


^■Y-yy 




80 


««7x'JH^« 


82 


mm® 




83 




84 


mmm 


[B6 ] Si7! ya^MIffllt 1 4 a t%F e 


86. 


8 7 BMfcfr|S| 


90. 


9 1 Tffi 


iflj&oc 0 f e zm^tizvyrtti'y'ffitmm.mzftt 


m 








z>-tyy®m%m*i-mx'h 0 . HMKuaH^a 


92, 


9 3 *AaffiJ8 


94, 


95 mfig 
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ftHB2 00 0-l 13418 



[fell] 



[01] 



AO 
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5' 



Hvcm 



8 



1 



^7K 



— 1 — i ^ 7 



•13 



~T7 



[H2] 



CIS 2 1 



[05] 



IH £3 3 
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